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What are Spin Glasses?

Magnetic systems with quenched disorder.
Competition between ferromagnetic and antiferromagnetic
Interactions.

Example:  CuMn,  AuFe, …



Susceptibility of CuMn as a function of temperature

Figures from  K. Binder and A. P. Young, Rev. Mod. Phys. 
58, 801 (1986).



Edwards-Anderson Model

S. F. Edwards and P. W. Anderson, J. Phys. F 5, 965 (1975).

No ferromagnetic or
antiferromagnetic phase

is possible



Spin Glass Phase

Spin glass transition :
“Freezing” of the spins
in random orientations



The Replica Method



Edwards-Anderson (Spin Glass) Order Parameter

The spin glass transition is from the paramagnetic 
state with q=0 to a spin glass state with nonzero q 
as the temperature is decreased.



The Sherrington-Kirkpatrick Model

D. Sherrington and S. Kirkpatrick, Phys. Rev. Lett. 35,  1972 (1975).

Infinite-range (mean field) model of Ising spin glass



S-K Model (contd.)



S-K Model (contd.)

Phase diagram



Replica Symmetry Breaking

The replica symmetric solution has unphysical properties 
for T < J.

Instability of the replica symmetric solution



The Parisi Solution G. Parisi, Phys. Rev. Lett. 43, 1754 (1979)



The Parisi Solution

q(x) at a temperature
slightly below the

critical temperature 



The Thouless-Anderson-Palmer Equations

Philosoph. Mag. 35, 593 (1977)



TAP Equations

Number of minima with the lowest free energy per spin 
is not exponential  in N.
Free energy barriers between different minima diverge 
in the thermodynamic limit.

Complex Free Energy Landscape



Physical interpretation of RSB

Large number of “valleys” [“pure states”, “ergodic components”]
at temperatures lower than the critical temperature.



Parisi function q(x) describes the distribution of overlaps 
between different free-energy minima.



Spin Glass Models Relevant to Structural Glasses







CD , M. Mezard



Random First Order Transition  (RFOT) Theory of the
Dynamics of Supercooled Liquids


